In the current study, JAK2 V617F has been simultaneously analyzed in granulocytes, erythroblasts, megakaryocytes and platelets from the same patient. The results found in the first five ET patients (no. 1-5) demonstrated that myelopoiesis in these patients is entirely clonal and is related to JAK2 V617F. This mutation was not found in one patient who showed eCFU-MK formation; nevertheless, this patient had monoclonal myelopoiesis (as determined by the human androgen receptor gene polymorphic marker clonality assay) (results not shown). These results support the hypothesis that some cases of true ET might be related to other molecular defects, as already has been suggested in the literature.
In our experience, all ET patients with JAK2 V617F in peripheral blood granulocytes carry the mutation in the platelet-megakaryocytic lineage. This is the lineage predominantly involved in ET and indicates that in ET the mutation should be searched by more sensitive techniques and directly on platelets.
In conclusion, our study describes the presence of JAK2 V617F in all myeloid cells including the megakaryocytic lineage. These results strongly support the implication of different myelopoietic cell lineages in ET and confirm the biological heterogeneity of this disease.
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This work was supported by the Grants FIS PI030345, C03/07 and C03/10 from the Spanish Ministry of Health. Zeta-associated protein 70 (ZAP-70) is a z-chain, CD3-receptorassociated protein tyrosine kinase (PTK) that is critical for initiating T-cell signaling. Relatively little is known with regard to its function in B cells, although there is evidence that ZAP-70 may enhance signal transduction via the B-cell receptor complex. In chronic lymphocytic leukemia (CLL), the presence of 420% of ZAP-70-positive CLL cells detectable by flow cytometry was found to correlate with rapid disease progression and shorter overall survival in stage Binet A patients. 1 High level of ZAP-70 expression also has been associated with a relative lack of somatic mutations in the variable regions of the immunoglobulin heavy chain gene (V H ), which is an established prognostic marker for CLL. 2 Several recent studies have confirmed that ZAP-70 is expressed in a subset of mantle cell lymphoma (MCL). [3] [4] [5] In this study, we aimed to determine if ZAP-70 carries any clinical significance in newly diagnosed MCL patients.
Immunohistochemistry was employed to assess ZAP-70 expression in 64 MCL tumors. The clinical characteristics of these patients are summarized in Table 1 . All cases were newly diagnosed and collected between 1994 and 2003 at the Department of Laboratory Medicine and Pathology, Cross Cancer Institute. Treatment for each MCL patient was determined during our weekly lymphoma conference based on our institutional treatment protocol. For first-line treatment, 32 of the 64 patients received CHOP-based (cyclophosphamide, doxorubicin, vincristine, prednisone) chemotherapy, 15 had chlorambucil-based chemotherapy, and five received other treatments such as proteasome inhibitor PS341 and flavopirodol. The diagnosis of all MCL cases was based on the criteria described in the World Health Organization Classification Scheme; all cases were positive for CD5 and/or CD43 and cyclin D1, and negative for CD23. All tissues were routinely processed, formalin-fixed and paraffin-embedded. All but four cases had the small cell morphology. Three of the remaining four cases were blastoid MCL. The morphology of the other case was composed of diffuse areas of small lymphoma cells admixed with nodules of large blastoid cells. None of the cases demonstrated a predominantly (i.e., 485%) mantle zone pattern.
A monoclonal antibody reactive with ZAP-70 (clone 2F3.2, Upstate Biotechnology, Lake Placid, NY, USA) was employed. The immunohistochemical method used in this study has been described elsewhere. 6 Evaluation of the ZAP-70 staining was performed independently by three different observers (DH, HMA, RL) without the knowledge of the clinical outcome. Expression of ZAP-70 staining, based on definitive cytoplasmic staining, was scored as negative, weak (1 þ ), moderate (2 þ ) and strong (3 þ ). Reactive T cells, which had 3 þ ZAP-70 staining, were used as internal positive controls. Cases with X40% of neoplastic cells expressing 1 þ or 2 þ ZAP-70 were labeled ZAP-70 high and the rest was labeled ZAP-70 low . Concordance among the three observers was 485%; most of the discrepancies, which were mostly between 1 þ and 2 þ , did not result in any change in the classification of the ZAP-70 expression status.
As illustrated in Figure 1a and b, T cells in the paracortical areas and those in the germinal centers were strongly positive (3 þ ) for ZAP-70. In the reactive lymphoid follicles, the mantle zones were negative, whereas the germinal center B cells were weakly positive (1 þ ). On high magnification (Figure 1b) , ZAP-70 staining was predominantly cytoplasmic. Figure 1c and d illustrate the ZAP-70 expression in MCL tumors. In all cases, uniform and strong ZAP-70 positivity (3 þ ) was identified in the infiltrating T cells (positive internal controls). ZAP-70 expression was heterogeneous between tumors and within the same tumor. Thirty-seven (58%) cases were categorized as ZAP-70 high . None of the MCL tumors showed a ZAP-70 staining intensity level in the neoplastic cells as high as that of reactive T cells. In one case in which nodules of blastoid cells were identified, weak positivity (1 þ ) was found in the small cell component, whereas moderate positivity (2 þ ) was found in the blastoid cell nodules.
As summarized in Table 1 , 37 of 64 (58%) cases were scored as ZAP-70 high . In this group, there were 31 men and six women (M:F ¼ 5.2), with a median age of 69 years. Twenty-five (68%) patients died during the follow-up, and the median survival was 27 months. Twenty-seven (42%) was labeled ZAP-70 low . In this group, there were 22 men and five women (M:F ¼ 4.4), with a median age of 63 years. Twelve (44%) died during the followup, and the median survival was 76 months.
ZAP-70 expression significantly correlated with the age of patient, with the ZAP-70 high group being older (0.041, MannWhitney). Nevertheless, when the statistical analysis was performed by treating the patient age as a categorical parameter (o60 or X60 years), no significant correlation was found (P ¼ 1.00, Fisher exact test). ZAP-70 expression did not correlate with other clinical prognostic factors including clinical stage, performance status, lactate dehydrogenase and the international prognostic index (Table 1) . Similar analysis of ZAP-70 status with other parameters such as B-symptoms, splenomegaly, blastoid cytology was also insignificant. A high ZAP-70 expression level correlated with worse clinical outcome in this study. The 3-year overall survival for patients with ZAP-70 high tumors was 39% compared with 69% for patients with ZAP-70 low tumors (hazard ratio ¼ 2.2, P ¼ 0.03, Cox proportional hazards model) (Figure 2 ). Univariate analysis showed that patients with a performance status of 0-1 survived longer than those with a performance status of 2-4 (hazard ratio 3.5, P ¼ 0.007, Cox proportional hazards model). An elevated lactate dehydrogenase also conferred a poor prognosis (hazard ratio 3.7, P ¼ 0.006, Cox proportional hazards model). Clinical stage and international prognostic index were not significant in our cohort. Multivariate Letters to the Editor survival analysis was performed using the Cox proportional hazard model. ZAP-70 expression remained to be a significant prognostic factor independent of performance status. As the number of patients for whom the lactate dehydrogenase levels were available was relatively small (i.e., 43), we did not include this parameter in the multivariate analysis.
The IgV H status was assessed in 33 of 64 MCL patients, and the protocol was adapted from that described by Timm et al. Five to 12 clones were subjected to DNA sequencing using the BigDye Terminators (ABI3100, San Jose, CA, USA). The DNA sequence from each clone was aligned to the immunoglobulin gene sequence database (www.ncbi.nlm.nih.gov/igblast). The germline IgV H region possessing the highest homology to the DNA sequence being analyzed was regarded as the IgV H region utilized, and each individual clone was given a degree of homology compared to its most closely related specific germline IgV H region, which was expressed as a percentage. An IgV H homology of o98% was defined as mutated, while a homology of X98% was defined as unmutated. In summary, we found 58% of the MCL to express a relatively high level of ZAP-70, and patients with ZAP-70
High tumors tend to have shorter overall survival. We also found that relatively high ZAP-70 expression in MCL significantly correlated with the unmutated IgV H genotype. In contrast with our findings, Crespo et al.,
2 did not detect any ZAP-70 expression in six MCL samples by immunohistochemistry. This discrepancy is probably related to the use of different anti-ZAP-70 antibodies. In fact, two other recent studies using the same commercially available anti-ZAP-70 antibody as ours revealed positivity in MCL tumors, ranging from 8 to 19%. [3] [4] [5] We believe that there are two significant differences in the methodology that may explain our higher frequency of ZAP-70 positivity in MCL. First, while the three previous studies employed either heating by a steamer or pressure cooking for antigen retrieval, we used a combination of pressure cooking and microwave heating. Second, we used a higher concentration of ZAP-70 antibody for immunohistochemistry; while we used 1:50, Sup et al., employed 1:200 and Carreras et al., employed 1:400 dilution. We speculate that these two factors contributed to a higher sensitivity of detection. The fact that we were able to detect a relatively low level of ZAP-70 expression in the germinal center B cells (other than the T cells), which were reported to be negative in the studies by Admirand et al., and Sup et al., supports this concept.
While we have provided evidence that ZAP-70 expression correlates with the overall survival and the IgV H mutational status in MCL, the sample size used in this pilot study is relatively small. Thus, larger studies are needed to confirm these findings. Our finding of upregulation of ZAP-70 expression in a case of MCL with foci of transformation also raises the possibility that ZAP-70 expression may be upregulated during disease progression.
